Executive Control is required to deal with novel situations or when an action plan is needed. This study aimed to highlight the executive attention deficits of patients with frontal lobe damage. To do so, the ANT-I task (Attention Network Test-Interactions) was administered for the first time to a group of 9 patients with frontal damage caused by traumatic brain injury (TBI) and a matched control group. This task made it possible to measure the three attentional networks proposed by Posner and Dehaene (1994) and their interactions. Results on the alerting and orienting networks did not show any significant differences between the groups. However, a significant effect of group on the executive control network was observed. In addition, participants' personality was assessed with a clinical inventory (the Millon Personality Inventory) that showed a significant positive correlation between borderline personality disorder and the conflict index. These results suggest that frontal lobe damage causes an exclusive impairment in the conflict resolution network that is related to personality traits characterized by a lack of behavioral control. More research will be necessary to study this causal relationship. Keywords: executive control, attention, personality, brain injury.
The aim of the present study was to explore the attentional networks proposed by Michael Posner and Dehaene in 1994 by administering the ANT-I task for the first time to a group of patients with prefrontal damage. The cognitive control system, known as the anterior attentional network or executive control network in that theory, is in charge of the central control of attention and influences the other attentional networks, i.e. the posterior or attentional orienting network and the alerting network. This complex control system, which is considered part of the so-called executive functions (Tirapu-Ustárroz, García-Molina, Luna-Lario, Roig-Rovira, & Pelegrín-Valero, 2008 ), allows individuals not only to organize and coordinate various cognitive functions but also to anticipate and plan goal-oriented actions (Sholberg & Mateer, 1989) .
This cognitive control system is believed to keep goaloriented information available to perform tasks (Posner & Dehaene, 1994) . Researchers argue that it selects relevant information and suppresses irrelevant information, which is related to the central executive of working memory (Baddeley, 1986; Stuss & Levine, 2002) . Moreover, it is consider to bring processed information into consciousness and use feedback to modify behavior (Posner & Rothbart, 1992) .
This cognitive control system allows individuals to deal with situations that are new or require planning. In other words, the various stimuli activate their corresponding response schemes based on the individual's experience with them; yet, in the face of situations that are new or difficult and require error correction, planning or decision-making, a "top-down" system is required to overcome automatic responses; in these cases, this network becomes activated and controls other necessary operations to reach the objective (Norman & Shallice, 1983) .
Executive control and the prefrontal cortex
The areas of the brain associated with cognitive control are the anterior cingulate cortex, which monitors conflict, and the dorsolateral prefrontal cortex (DLPF), which implements mechanisms to resolve conflict by controlling the activation of other areas of the brain (Botvinick, Cohen, & Carter, 2004) . The orbitofrontal cortex has recently been related to the inhibition of neural activity that may be irrelevant, unwanted or uncomfortable for reaching the objective set Hooker & Knight, 2008; Szatkowska, Szymanska, Bojarski, & Grabowska, 2007) . Therefore, there is no doubt that the prefrontal cortex plays a role in the various aspects of cognitive control and that damage to this cortex affects the brain's ability to inhibit dominant and automatic responses.
In fact, patients with frontal lobe damage can have a broad range of alterations in their executive functions whose common denominator is an impairment in behavioral control and difficulties planning to reach goals. Many experimental studies have analyzed the nature of the executive deficits of patients with various frontal lesions in relation to impaired conflict resolution Burgess & Shallice, 1996; Stuss, Floden, Alexander, Levine, & Katz, 2001; Szatkowska et al., 2007) . The deficits they have shown are related to the inability to generate automatic responses (Burgess & Shallice, 1996) , to control automatic responses, particularly in lesions of the left ventrolateral prefrontal cortex and in upper medial bilateral areas (Stuss et al., 2001 ), or to inhibit behavior in specific circumstances when there is damage to the medial orbitofrontal cortex (Szatkowska et al., 2007) . Recently, prefrontal damage has also been related to a deficit in voluntary temporal preparation (Triviño, Correa, Arnedo, & Lupiáñez, 2010) .
Executive control and personality variables
Executive control has been related to the concept of self-regulation, that is, controlling the flow of information from the environment to avoid conflicting responses in behavior (Posner, Rothbart, Sheese, & Tang, 2007) . Posner et al. (2007) showed that the concept of self-regulation, particularly what they called "effortful control" -the ability to control responses, inhibiting a dominant response while performing a subdominant response -is correlated with the activation of the anterior cingulate and the medial frontal cortex as well as the executive control index.
Difficulties self-regulating or controlling one's impulses are present in diseases such as borderline personality disorder, antisocial disorder and bipolar disorders. Numerous studies have found a relationship between such diseases and frontal dysfunctions, mainly related to fronto-limbic connections (New et al., 2007; Soloff et al., 2003; Schmahl & Bremner, 2006; Blair, 2004; Lin, Weng, Xie, Wu, & Lei, 2011) . In addition, frontal lobe damage causes a distinctive alteration of personality characterized by increased borderline personality, mania, anxiety and antisocial traits (Pizzi, Chapin, Tesar, & Busch, 2009 ) as well as high impulsivity . Frontal lobe lesions can also lead to difficulties in realizing the consequences of one's actions or assessing risk (dos Santos-Assef, SeabraCapovilla, & Capovilla, 2007) .
Executive control and the A T-I
For several years, various tasks have been proposed to measure the performance and efficiency of the three attentional networks proposed by Posner. The original task -the Attention Network Test, also known as ANT (Fan, McCandliss, Sommer, Raz, & Posner, 2002 ) -yields behavioral measures of the efficiency of the three networks using one simple task. It is based on measuring reaction times (RTs) in a flanker task in which participants must discriminate the direction of a central arrow flanked by two arrows on either sideg.
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Callejas et al. (Callejas, Lupiáñez, Funes, & Tudela, 2005; Callejas, Lupiáñez, & Tudela, 2004 ) introduced a new variable -a tone -to measure alerting in order to quantify the effect of the three networks independently as well as the effect of each of them on the other two. This modified version, known as the Attention Network TestInteractions (ANT-I), has shown clear interactions between the three attentional networks (Callejas et al., 2005) .
Despite the relationship between the prefrontal lobe and deficits in cognitive control and self-regulation, the authors EXECUTIVE ATTENTION AND PERSONALITY 969 Figure 1 . Neuroimage of participants with frontal damage. Lesions were drawn with MRICron software on a brain model with 7 mm axial sections. It was not possible to obtain the pathological neuroimage of participants 7 and 8 so the text describes the radiological report of the neuroimaging test performed.
are not aware of the existence of any studies measuring the three attentional networks in patients with a prefrontal lesion or exploring their relationship with personality variables related to impulsivity.
The main objective of the present study was to determine which attentional networks are altered as a consequence of prefrontal lesions. This was done by administering for the first time the ANT-I, an experimental task designed to assess the three attentional networks, to patients with a prefrontal brain lesion secondary to traumatic brain injury (TBI). The authors expected such patients to have slower reaction times when solving incongruent trials. Moreover, as shown by the literature, frontal areas seem to be key structures not only for cognitive control but also for self-regulation. Therefore, patients with frontal lobe lesions were expected to show a marked deficit in the executive control network associated to behavioral alterations (i.e., impulsivity, borderline personality disorder, mania, etc.). Therefore, the second objective was to study for the first time the relationship between certain personality variables (related to lower self-regulation) and the attentional data provided by the ANT-I.
Method

Participants
The study groups were composed of 9 patients with prefrontal brain damage (7 men and 2 women) secondary to traumatic brain injury (TBI) and nine neurologically intact individuals (6 men and 3 women). The inclusion criterion for the frontal group was the presence of damage in the prefrontal lobe confirmed by neuroimaging and the neuropsychological assessment performed. The most relevant information on the location of the lesions of patients in the frontal group are shown in Table 1 and Figure 1 . All the patients had impairment in the dorsolateral prefrontal cortex, the orbital prefrontal cortex or the anterior cingulate cortex. Exclusion criteria were the presence of dementia, aphasia or spatial heminegligence or having performed any version of the ANT-I or ANT in the past.
Control participants and patients were matched for sex (with one exception), age and educational level. Mean age was 30.89 years (SD = 8.07) in the control group and 29.4 years (SD = 6.97) in the frontal group. Participants in the control group had 14 years of education (SD = 2.92) while those in the frontal group had 13 years of education (SD = 3.46).
Patients and control subjects participated voluntarily after giving their informed consent. The study was approved by the Ethics Committee for Clinical Research of Virgen de las Nieves Hospital (Granada, Spain). The experiment was conducted according to the ethical standards laid down in the Declaration of Helsinki.
europsychological assessment
Patients with frontal lesions underwent neuropsychological tests to determine the characteristic symptoms related to the location of their lesions. The neurological assessment protocol used is shown in Table 2 . This protocol was used to define the prefrontal deficit of patients and set the inclusion criteria for the study.
The Millon Multiaxial Clinical Inventory (MMCI-II) (Millon, 1987) was also administered to assess the personality disorders described in the Diagnostic and Statistical Manual of Mental Disorders or DSM-IV-TR (American Psychiatric Association, 2003) and other psychological disorders. This psychometric test is mainly used for the diagnosis or clinical evaluation of adults with emotional, social or interpersonal problems and therefore seems to be a good measure to detect personality disorders. 
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Experimental task
The experimental task used in this study was the Attentional Network Test-Interactions or ANT-I (Callejas et al., 2004) .
The task involved measuring reaction times (RTs) in a flanker task in which participants had to respond to a central arrow that was flanked by two other arrows on either side. Participants were seated in front of a computer screen and instructed to indicate in which direction the arrow was pointing by pressing one of two possible keys of a computer keyboard (key "C" if left and key "M" if right). Participants were given feedback on their performance (reaction times and correct trials) in practice trials. Stimuli were preceded by a visual spatial signal (to measure the orienting network) and an auditory alerting signal (to measure the alerting network).
Procedure
A fixation point (+) of a variable duration (400-1600 ms) appeared at the start of each trial, followed by an auditory alerting signal (50 ms duration) in half of the trials (Alerting signal, 2 levels: Presence or Absence of sound). After 400 ms, the orienting visual signal appeared for 50 ms above or below the fixation point in two thirds of the trials. The orienting signal did not appear in the remaining third of the trials. The target and its flanks appeared 50 ms after the orienting signal, either in the same position as the orienting signal (valid trials) or in the opposite position (invalid trials) for 3000 ms or until the participant responded (Orienting signal, 3 levels: Valid trials, Invalid trials or Trials with no signal). The Executive control network was established with 2 levels: Congruent Trials, in which the target was flanked by arrows pointing in the same direction, and Incongruent Trials, in which the arrows pointed in the opposite direction.
After the response, the fixation point appeared again with a variable duration until the 4450 ms of each trial were completed. No stimuli appeared between trials. Figure  2 shows a diagram of the procedure used.
The practice block included 2 trials. The task was composed of 6 blocks of 48 trials each, that is, a total of 288 trials (24 trials per experimental condition). Trials were randomly presented in each block.
Design
The experiment had a 2 (Auditory alerting signal: present vs. absent) x 3 (Visual orienting signal: no signal, valid or invalid trials) x 2 (Executive control: congruent vs. incongruent trials) x 2 (Group: frontal vs. control) mixed factor design. The first three variables were manipulated within subjects. 
Results
europsychological assessment
To explore which demographic and neuropsychological assessment variables differed significantly between the control group and the frontal damage group, a single factor ANOVA was conducted for each of these variables. No differences were found between groups regarding age, F(1, 16) = .130; p = .723, or education, F(1, 16) = .439; p = .517. However, significant differences were found regarding neuropsychological assessment. More specifically, the frontal group showed a clear dysexecutive deficit with the following impairments in several subscales of the WAIS-III: impaired abstraction capacity in the similarities subtest, F(1, 16) = 4.85; p = .043, impaired planning in the picture arrangement subtest, F(1, 16) = 9.10; p = .008, and impaired motor programming and visual construction abilities in the block design subtest, F(1, 16) = 4.66; p = .046, as well as a significantly higher percentage of perseverative errors in the Wisconsin Card Sorting Test, F(1, 16) = 5.69; p = .030. Significant differences were also found in the errors made by patients with frontal lesions in the B part of the Trail Making Test compared to the control group, F(1, 16) = 7.29; p = .016. Yet, no differences were found between the groups in tests assessing cognitive functions that do not depend on prefrontal circuits (i.e., language). The neuropsychological assessment and the neuroimaging confirmed that the patients' damage was prefrontal, since there were no significant differences between groups in premotor functions. Neuropsychological results are shown in greater detail in Table 2 .
Experimental task
Mean RTs for each experimental condition were analyzed with a 2 (Group) x 2 (Alerting signal) x 3 (Orienting signal) x 2 (Executive control) mixed factor ANOVA. The standard deviations were calculated for each participant and RTs with 2.5 standard deviations above the mean were eliminated. The mean of each condition was calculated in the remaining trials. Error percentages were not subjected to statistical analysis, as there was no variability in some experimental conditions (the mean was equal to 0).
The main effect of Group was significant, F(1, 16) = 9.00, p = .008, with higher RTs in the frontal group than the control group. The analysis also showed significant effects of the three within-subject variables measuring the functioning of each attentional network, thus replicating the results obtained by Callejas et al. (2004; . As regards the alerting network, responses were faster in trials with a signal than in those with no signal, F(1, 16) = 27.05, p < .001. The main effect of orienting was also significant, F(2, 32) = 121.94, p < .001, with faster RTs when there was a signal that indicated the subsequent location of the target (valid trials) than when no signal was presented, F(1, 16) = 61.69, p < .001. As regards the executive control network, significant differences were found between the incongruent and the congruent condition, F(1, 16) = 390.52, p < .001. However, the most relevant result was that, as expected, the only main effect significantly modulated by the group was the effect of conflict, as indicated by the Executive control x Group interaction, F(1, 16) = 11.73, p = .003. The frontal group showed greater interference in the flanker task than the control group.
Interactions found in the studies undertaken by Callejas et al. (2004; were not modulated by the group, although the Congruence x Alerting interaction was marginally modulated by the group factor, F(1, 16) = 3.15, p = .095. Although both groups showed a greater effect of conflict in the presence of an auditory signal compared to the condition with no signal, patients showed a 35.28% increase whereas controls only showed a 16.71% increase.
To conduct a more detailed analysis of attentional networks, the indices of functioning of each network were calculated. The alerting index was obtained by subtracting RTs of trials with an alerting signal from those of trials with no alerting signal (but only considering trials with no visual signal). The orienting index was obtained by subtracting the RTs of valid trials from those of invalid trials. Finally, the executive control index was obtained by subtracting the RTs of incongruent trails from those of congruent trials. A single factor ANOVA was conducted between the Group factor and each of the three indices obtained (Alerting, Orienting and Executive control). The Group effect was only significant with the executive control index, F (1, 16) = 11.73, p = .003, as the patient group showed a greater interference effect. By contrast, the effect of the other indices was independent of the group (Orienting, F (1, 16) = 1.29, p = .272; Alerting, F < 1). This dissociation is clearly shown in Figure 3 .
Personality and cognitive control
A bivariate correlation analysis was performed between the index of conflict and the aspects assessed by the Millon Clinical Multiaxial Inventory (MCMI-II) in the results obtained by the 9 patients. It was not possible to administer the inventory to one of the participants of the frontal group. Therefore, the sample used in this analysis was composed of 8 participants. From the MCMI, the authors chose personality disorders and related serious alterations associated to impulsivity and lack of self-regulation in the literature, such as antisocial, compulsive and borderline personality disorders and hypomania. Results showed that only borderline personality, R = .863, p = .006, was correlated with the conflict index with a level of significance of p = .0.01; the correlation was marginal in the case of antisocial personality, R = .672, p = .068. However, the correlation was not significant for compulsive personality, R = -.096, p = .822, or hypomania, R = -.365, p = .373. A correlation analysis was also conducted in the control group but no correlations between these variables and the executive control index were significant (all the ps >.230). The spread diagram of the correlations with borderline personality is shown in Figure 4 .
Conclusions
The present study is the first to show a greater interference (deficit in the executive control network) in a group of patients with prefrontal damage than in a control group. This deficit was related to measures of personality associated to cognitive and behavioral impulsivity and inflexibility.
The executive control network, the main target of this study, is responsible for solving non-automated or conflicting situations and is located in prefrontal areas. Studying alterations of this network in patients with frontal lesions is key to support experimental data and learn more about attentional functioning under normal conditions and after a brain injury. (Posner & Petersen, 1990) . The present study suggests that lesions in the prefrontal cortex interfere in conflict resolution. This confirms the results of previous studies conducted with functional neuroimaging that have found that control effort activated the anterior cingulate, the left prefrontal cortex (Bush, Luu, & Posner, 2000; Duncan & Owen, 2000; Fan, Flombaum, McCandliss, Thomas, & Posner, 2003) , the right prefrontal cortex and the fusiform gyrus (Fan et al., 2003) .
The study also showed the conflict effect in three patients whose lesion was practically restricted to the RODRÍGUEZ-BAILÓN, TRIVIÑO, AND LUPIÁÑEZ orbitofrontal cortex. This cortex has recently been related to the ability to inhibit irrelevant information in tasks of the Stroop Test and the Trail Making Test (Fu et al. 2001; Harrison et al. 2005; Mitchell 2005) . For this reason, the fact that the present study found a relationship for the first time between this area of the brain and conflict resolution is considered relevant. Yet, conclusions should be drawn with caution due to the size of the sample. Future studies with larger samples will make it possible to divide the prefrontal lesion group into subgroups and thus analyze the involvement of each circuit and prefrontal area in conflict resolution and executive control. A larger sample would also allow exploring the various types of control mechanisms, since a recent study has shown the existence of different conflict adaptation effects in different tasks that activate the attentional executive control network, such as Stroop or Simon tasks (Funes, Bailón, Pérez, &Lupiañez, 2009) . For all these reasons, future studies should aim at discovering the cognitive mechanisms and neural correlates of the various executive control tasks.
Regarding the interactions between networks, no group effects were found in any of the interactions. However, a marginal effect of group was observed in the interaction between alerting and cognitive control. This seems to indicate an additional impairment in conflict resolution caused by the alerting signal in patients with frontal lobe damage. This finding could have an important application in clinical neuropsychology. In fact, it may suggest the need to rehabilitate the executive control network in patients with prefrontal lesions in the absence of any "activating" stimulus, since its presence seems to generate more confusion than preparing to solve the conflicting situation. However, it is key to consider the population in which interventions on the executive control network are to be conducted, given that beneficial effects of the alerting network on cognitive control have been found in other groups such as schizophrenic patients or patients with spatial heminegligence (Amado et al., 2012; Chica et al., 2012) .
The findings of this study and therefore those obtained in other studies with clinical populations (Amado et al., 2012; Wang et al., 2005; Mullane, Corkum, Klein, McLaughlin, & Lawrence, 2011; Miróet al., 2011) show that the ANT-I task has amply proven its sensitivity to specific deficits in each attentional network and also reflects alterations in interactions between networks, which is of major scientific and applied interest. 
Personality and cognitive control
Another of the main results found was the relationship between the conflict effect and personality variables. The main trait that the conflict effect correlated with was borderline personality. Borderline personality disorder is described in the DSM-IV-TR as a pervasive pattern of instability of interpersonal relations, self-image and affects and marked impulsivity (American Psychiatric Association, 2003) . These data support other studies that have conducted experiments with the ANT in patients diagnosed with Borderline Personality Disorder. Results have shown that these patients show low indices of effortful control, associated to a greater interference in the flanker task . Similar results showing a greater conflict effect have been observed in participants with high trait anxiety (PachecoUnguetti, Acosta, Callejas, & Lupianez, 2010) . The results of the present study show that the relationship between these variables depends on the existence of a borderline personality disorder secondary to a brain injury, given that the correlation was not significant in control participants.
Personality alterations secondary to prefrontal damage characterized by behavioral disinhibition and impulsivity are well known. They may also generate a deficit in cognitive control and conflict resolution. To explore this possible relationship, the conflict network was analyzed by introducing the scores in the borderline personality variable of the Millon Inventory as a covariate. However, the difference between groups remained significant so this result cannot be explained by differences in borderline personality between patients and controls. Therefore, these results seem to reflect the existence of a common mechanism that lies at the basis of cognitive and behavioral control. Future studies could design clinical interventions on this kind of patients to discover whether a transfer of improvement occurs in cognitive conflict resolution tasks.
